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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a PMD(polarized wave mode 
dispersion) compensating method, that can compensate the PMD caused 
in a signal light over a wide range with high accuracy, and to provide a 
PMD compensation device. 

SOLUTION: The PMD compensation device 1A consists of a polarization 
control section 10, that sets a branch ratio y or luminous intensity to 
two polarization modes as to a signal light received from a transmission 
line L, a variable PMD compensation section 1 1 that provides an optical 
delay difference AxC between the two polarization modes, a PMD 
monitor 1 3A that detects the intensity of a frequency f 1 component of 
the signal light outputted from the variable PMD compensation section 
1 1, a PMD monitor 13B that detects the intensity of a frequency f2 
component (f2<f1), and a control circuit 14 that applies feedback control 
to the polarization control section 10 and the variable PMD 
compensation section 1 1, so that each monitor intensity of the PMD 
monitors 13A, 13B lie within a maximum value converging range, 
depending on the uncertain width of the detection sensitivity. 
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HJ^ P M D ftlitftSP 1 1, Kt>-7"7\ 2 A, I 2B, PM 
D^?! 3A, 1 3 VL$5£.T}U®mi& 1 4 

^Om^CO^T, f&£cDpJgPMD*jg<»g15 1 1{CA 
0> l/4tefi«(A/4ffi) 10a43«kD'l 

/2mm a/2«) lobms. i/4ifgM<s 

1 0 atiiO-* 1 /2 W.W8i 1 0 bl±, 0^L£l/^7'^ 

e. n 5 sijfflifs ^ id^t ?i-a5A> & rare t s J: a tc z± -p 

[0 0 4 3] fiJffiPMDfH«a$l 1 fli^e 
— AX7°U-y^ (PBS) 11a, 1 1 c43«fctm33fi 
§§1 1 b^r^-T?.,, PBS 1 1 a 14, A^filcfiitS-rs 

»te^)tj»j«¥f5c;)^iifjgi5{cfiite.n, mmw&\ ok 
p><Df3tj-^2o<Dr«3c-rsfijffiB)t»{-^'r5o co 
pbs i i a-e»«s*ifc-*ofai«rit»i±» 

1 1 b^UPRS 1 1 ctciH?>n. fti!?3CDfSi?£fi!t«- 



(7) 



&ffl 2002-33701 



11 

tiPBsi i ctci£p.ft5o y&miai i bt±. mm? 

«D*JfflIffi^{C «k K> nP£T«fc 5 iiJEDOJie-ry W XT'* 5. 
RttfltyCti, W*tf, nJ^lfiiXi (Variable optical 
delay line) §*ffifflt5i:i:«lT*S. COflSIffi 
ggl 1 MCJc-^T, 2 0<DfIi&>]K«-p H , 3tc) , 6jl]S^A tc 

pbs i ic«, mttmicGLm-rz-ftm 
mxmmm<Dftiimicmft>n, pbs i i a^o-ft 

Ijfc^TlgLTft*:/^ 1 2 AlCjg-So 10 
[0 0 4 4] jftiJ-/^ 1 2Ali, oTSPMDMHS5l 1 

*^Otti7J2ft*fl%ft*2#*£LT, -?aC9#*£ft£ 

JWWMORIcaStJ, f(!l7?0^«7t^*y5 1 2 BIC 
ft*^ 1 2 Bli, ft*?^ 1 2 BA>P>CD#ttft 

£26fC2#l8LT. MKMPMDt^^ 1 3 A, 
1 3 BlC^ften&S. 

[0 0 4 5] S-PMD*-? 1 3 A. 1 3Bli, &l&l£ 

mzoyuytmizTK-tzviz, §^t§ (pd) 13 

a, ^>K^X7-f;^ (BPF) 1 3 b fciO^Jgtt 
tB?S 1 3 c £*-tt€*Vf|-f S. P D 1 3 a li, 20 
1 2 BA^fD^^VBMfg^tC^LTffi^-rS, B 
P F 1 3 bti, P D I 3 aT^^n/c«^{f^(C#$ 

5BPF1 3b 0iBSlffi ; «*o«i£a* f 1 i: L. PM 
D^-£ 1 3 BtCffll/^nS B P F 1 3 bOiiil^tOtp 
^Hifi»*r2 «fi) i:^3o ft*5, S-JSiSafj. 

f2<oS5gfcoi>T(±^-rsc4:ic-rSo %zmmmm 

13cli, B P F 1 3 bX'%im2tltcmi&%Lf8.ft<D&m. 
1 4lCiM5 8 

[0 0 4 6] %mmftt 1 4ti\ SPMDt-^ 1 3 A, 

1 3 Bfrp>mt}Ztiz&&m&mmmcm-3^T, rtse 

PMD?i(a§i5l 1 A^ttlTjSnSM^tOPMDS^Isj 
WU PMD<D*i«ffi#igij§i:ft-5J;?{^ fgffifflgffl: 
1 0*3«tD*HJ^PMDl'ffi(8§15l l%7*-h''<iv?%m 

t§= ft*>\ ngpia&i 4T'fT^n^R(*6U^ias«ift 
[0047] 35 1 'jittt^ffioamtov^Titt^ 

[OO48]03fcL 2-OCDPMD^e-^ 1 3 A. 13 

@^3t<0PMDfiU n^U IKMti. SPMD 
t-?13A, 1 3 B-p4ft£H£ft«Htt&f !. f2f£» 
<03&JS £SLTV^<, 

[0 0 4 9] HSfC^Vf <fc-5UC, SPMDt-^ 1 3 
A, 1 3 BTfcmif tt3^£'j£l£«\ PMDHAtt 
O&ffcfcitU B P F 1 3 b-etttHStl3Wft«r i. 

fzBg^ (f.>f2) fCttJSLTJSHfltfJtcSffc-f £<, & so 
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i 3 BT^aj^n5 ; t-^'jifejX£^)WJ;^t,/j^<^ 

-S 0 ccm PMDI7U TTtotQibnicff-i/V pmd^ 
1 3 AO*-*««t*<JaiSI]tC* (*fcttffi/h) Cft 
§ PMDIiii^rTi i: PMDt-? 1 3 BtO-t— 

[0 0 5 0] CCT% ST, SJJWtt&l (PMD?i(t?S 
L) fC*J^S(gmo(I^7tJc^l:5PMDf|^A tti 

(>T.) T* 3 ^^^%fcJ^{trS7-f* 
-H/\<y^M««ff-9^1ttd«^«. C£>i£3\ PM 
Dt-^l 3 AOt^&JS^ffl^T^-r- K/vy ^iM 
»^r?f3i:. 0 3<DAi^lCS-r<t-5(C?i(a^cOPMD 
MA TT7b^^<^:5^[pllcg®j^r(Sl^n5fc46, jgjg 

< ft o . m^ft MflUbf^ jwt *>nft < ft 5c 

CttiCMLT, PMD^? 1 3 BtD^-Z&mZm^ 
TfflfflZftot. A2,^(c^-r«J;aicffl«fg<DPMDS 

a rT3y/h2<»a^f(Rifci»»jw«nsfc46, 

{bb<&#£*i3J:9(cft.5o ioT. ±,ie<D «t ? fttfjfl 
(C*3VTl±, mihifm&.nm^mnPMD'E:-^ l 3B 

[0 0 5 1] CCT ia3 0^f«|'j£lC^-r<t3{C, & 

p m D-t— «twa9a<o^«s**wr sct^a 

IST^ot, p M DWn^SH-'ffliS^- Klffl<D)fcSi 
fiOttttfcfc y mic £ -5MB#imrtT«D^6i^<i^#ty€, 
(0T'fe5 o C<D<J:5ftPMD^^(D^W^T : 6ili£'|ia 
^&.?^>t, PMD^j* 1 3 B£>^E-^£3&i£:&ffl^ 

7 -< - K / * y 5 MtPOHft Alt , 0£> D £*j £ E z 
jSOBB (ffllAtf B 2 jS) lciR*-r5«fc5(cft5„ 
Ttt> C<D~7 ■< — hV^'V ^f&JfflWlKifc-r 5 5 ^^*tC 
SBLTPMD^?c0<»9ll*jWrbft<5o "Tft^ 
PMD^rr:^ l 3 BO : t^?5ia^D~E2^PiST' 
gSLfcf^C, PMD^52 1 3 \ <D*:-Zm&.>tm^ 

fctt ^Ji£O^iKliit*<3T'/i£<0fiftWlC ft r> fc C t 

ftif^S^tLT. PMn^££>i2J»Jff/i£:ff3c:£: 
A^h^T^So PMDt-^1 3B*^PMDt-^l 
3 A'xcD^DSfx-^fT-^/c^, -7<(-Y>^>j ^Um<D 
tt(t^t±Bi^6Bi^(»C»« 0 ^<D?gt±, PMDiA 

t±> PMD^^^cD^(JB}Sffl^fiS5£ifS^»tt>LfcD^*3 
<tCf E.^tORfl (Wx(i'Ci^) tJBiftjSliiRjKl^ PM 
DffitiA tt2 ^TWift't^n^i^tcft^o 
[0 0 5 2] CCT% ,^PMD!,i (PMD»73) A', 
fflliltf 0 3 <?3«S«lMj£{c^n5®iaT*365,^^ PM 
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?M®ttfi-o tct-rzt. pmd :,^fit*4£ifa a zic^-r 

L*"5Rrflltt*«*S«, LtVL. P MD*-^ 1 3 A 
ffl-T 3 C i: T% P M D^fitJt* a i IC^-T <fc 3 tcfr-§ P 
M D fiJUT»C««»<0 PMD lit^rffllx. 5C^f?5= 
[0 0 5 3] C^)«t5tC, *^lC<t5PMD?i«Sari 
T'ti, ^(DPMDt^^fDyjO^X^, &Xl<D&o%: 

fc C ^ T *t ? £ 5 L /i C i: T% iSSV^SOi 

[0 0 5 4] PMDt^? 1 3 AT'ttm£4a-5JS?£S&f 
ifig^tO^®|Si:LTIi, PMD^rX^^tBS*^ 

i: t& s 5 p m d m^n^m a i aws p m 

1 3 BT-fflffi£n3M$& f aJ«»<D3a*iKIM4: LT 
(i. PMDtr? l 3 B<QPMDiiPFai5£*Iaz#, P 20 

PMDI-^^ 1 3 Ktn^-irTffi&tm (£fci±)S'J\) 
fc * P M D l,t T 2 *\ PMD otfffi WRiHO _hPg i: 4 

[0 0 5 5] iKfc, PMDttffHSS 1 AOM&W&ififE 
to^TttWTS. PMDMRSi 1 AT-li> £2fgSL 
©PMDiciO fijft*- Kligicftjg}££ A t t <D£ Ufc 

easigB (b/ s ) tors^fcWLT. {isesij^sci » 

0<O 1 /4 jf£g£ 1 0 afeJctf 1 / 2j£g*S 1 0 btcj: 
ftOfS^ftfCftlELT, 5JgPMD*H»gBl 1COPB 

s 1 1 ai:ftmznz2^<nmfe*-Y?&<Dm&m.<nft 

«i£y#8t£2ns. iHSPMDMWBl lt'ti, PB 

s 1 1 ar'ftmztitc-ji<Dm&&fttfwm&i 1 b 
■ejBSEsnTPBs 1 1 ctcasen, te^ofijsjs^fi 
sss^nsc fc*< p b s 1 1 cicm^tix. 

^tfPBS 1 1 cT»^K*n*. CtllCi^ (t^ftCD 40 

H£?-£2O<0fI^-KfffltCftiIi£MA 

n^o CCDJtiiffiMA TC*^Gitl!SLT?<DPMD«A tt 

ffilSPl 0<D#{fcft*5«fctfyfijS!ii83l 1 b£>7&I5£»tf7 
-f- K>W »fflffl*tt*c £T\ PMDco*|«t7WTfrn 

[0 0 5 6] CC7-f-K^7i/W{i, BJ^PMDffi 

-5„ mmici^ Bj^PMDffi^gpi ifr&<atB*j%<D 

—mmiify 1 2AT'Mfh, Z^icX.*?^ 1 2 so 
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BT2M?nT, ^PMUtx? I 3A, 13BICJI 
£tl3 0 PMD^iH 3AT'ti. 2B*>e. 
OMftfPD 1 3 aTftVtt^fiSStU fUMOf#{C^S 
ft3J§!ftS& f iJ**WB P F 1 3 bTtttfllStlfc&UU 

^ojs asa f . m^(mmmmmm \ * c ti*w* 

n^ 0 PMDtz^l 3 BT'&IajfiUcLT, Jlifc 

»f2fi!t»<03SlS^tfta*nS. LT> PMDt-^ 

i3A. 1 3 BT«msnfcH»af .. ra^os* 
#H«»ri. f2«a»©*-*aiiftK:s^^7-( , -K 

[00 5 7] I4«, P MOMfltan 1 A^fflt^T P M 
DffimZft-otzm&lCtSttZ. PMDiAnlcWtS 

3tC, I^fl)PMDlA TT(Ctc,i;T, fii^J{»gpi 
0<D£&g,:fc±rB , cigi£ggl i b03taa«*7-f-K 

/w**»u PMD?s«fi^aiaftr5ci:T\ pm 

[0 0 5 8] CCf, 0J&ln|&l 4 Ot1flEW*aaftff 

[0059] KT-ti, mmmm i o *><j: 

OTra p m dm«si5 j i (DBfezmmmiz lt, mmm 

[0 0 6 0] JW»>2*-K{ct>lt57';b=f'JXixi:L 
T{±, «*tf, ttWHI«!a<0«l#»ffl|<OPMDt— * 1 3 

TtSr&ffi L, fHi6*iJffllSl5 1 0 (D 1 / 4 jfeSlg 1 0 a 
*5<fct>* 1 /2SSfiffi 1 0 b^r^n^nx*^>L^ 
P,> PMD*-? 1 3 B<0*x52^ac?rSi]S-rs, 

r, ^-^^(Dm^mm^mic pmd^? i 3 

B<otr.^3ii«**S*:i:*5tt»*«Wb, ZVftmff 
■0km-£tL%&r>\Z 1 /4}&-5lg 1 0 afciO* 1 /2jgS 
110b £DCtig{«r,^-rSo #lc, 51^ P M DMfBg[5 1 
1 V>Kffi&Wi I 1 bcD^5KiSi,U rcSrX**^L&tf 

T. fS ; e-? l 3!ii)Sc»if[i]^a-&Stc, PMDt-? l 3 

m d ffiftac i i tf7-<— Y'^v t? mmicmL tcvtmim 

[0 0 6 l ] }5]!5J,i§>i£*-K(ct5tti.«U<OT;l/rf 
'JXAfcLTtJ. 0>Jx.ti\ PMDt-? 1 3 A, 13B 
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3t*astB u ttiamtPdn 1001/4 ?£s« ioa*A 

M Dt--^ 1 3 AteitlfPMDtr? 1 3 
tfeft«W%^«. fit, »^i^3ft*<0iM3ett*«» 
K, PMDtz? l 3 HOt-*ifi*«a*i:4« 1/ 
4jSSftt 1 0 a*!j:tf 1 /2jJJtS<fi 1 0 bcOffifS^ffiP 

T> PMDt-? l 3 AOtr^WI^iC^^tt® 

1 0 b oflureatigrs. * 

(C ftiI3£#§l 1 hOWiArciSrX^t^LW 

LT. R«rjtikltOttgi 
m^rSfc. PMDtx? 1 3 B4)«-£&&WR*££: 
3 0 afc<fca'l/2i&g*gl 0 bcDfiig 

Ol>T, PMDtz? 1 3AOtr:?Mmi:45 

ffinm» 1 0 fej:tffira p m nmm.B 1 1 1*7 *- k;> 

[0 0 6 2] ±iE©J: 3 tc LT«J«8l»e*^7 Lfc&fc: 

$M Lfc PMD }Mt4>2S*flC9lc S"Jt, 2 otD PMDt 
1 3 A. 13 B*<3!J*)e*4tf &4<?V&x*3S 
flEtfflbWcft 4 J: OiI1^7-< - K/ W * 

^fttc «fc S P M D £D^iblC3fif5fi LT?&£lBiigfc P M D M 

DfifitnS 1 t COSS^: b ^ -y * > yfcJfflJf § 5 

t LTtis P MDMfit07 -C - K> W *3?J®Hcoi^T. 
^^^3iSa^a7^i:^SS.^<DiSiaT'7 , ciiSSA rclc 

[0 0 6 3] h"7>y*>7 ; £-\ ; lZ$il.t%mfcW%:T>l 

=nj x^tLta, wa.ur, assm 1 /4 semis i o a 

fej;^ i /2i£gffi I o btc^-r-ST-V-f o y7*'<7 40 
V\ — J&$Wi*tcJteJIi£88 I 1 b<Oftiiii!,U rclcM 
t5f-cf ^PMDt-? I 3 A. 

[0 0 6 4] £tz, F77*y^- KtCfcttSSUOT 
;l/dT«JXi*i:LT{±, l/4jKMl0a> l/2?£g 
tgl 0 bfeit/JtiMiSI.U rclcftTSTV+P'J;/?-* 
HH^ff 5 <£ 3 tcf£»& offiT-fe^, 0«*.tf . 1 /4 
jSSIS 1 0 a -* 1 / 2 mtkm. 1 0 b->ft3IJ£»A tc-* 

1 /4i£fiffi 1 0 a->- ••©JiilCT^-f O^i/^fltJig so 
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U SPMD*-? 1 3 A. 13 BO*— Z 

let* 5 i ^ »c&* <o,is^ <7 ^ - ^ *waiffr t 

[0 0 6 5] ±32£>«fc 3 & I- =7 -J*^"/*:— h*<D&T)l 

3 a, 1 3 Bfr<b<Dmmmmmz*ti j eti&m^ & 

<DT\ xWlf'J ^y*^5flSLTt PMUii Ti<Dmt 
t±. ifSJaififlUOPMD*^^ 1 3 A?>*-r:£';&®*<g/.h 
{C#5i:T'WiWi"|/8 (!23tC:te^TA tt#Ti 

JCJiSfJIjSMOPMD*:-* 1 3 A©^^^)S^iM«? 

£SSPMD1A j-TA^#<SftLTTi%exTL$ 
5 rTIS&Se Cc0«fc3&ig£\ SPMD^?13 

A, 1 3 BCQ^*3&ftli, CT^.tf03(DAi A 2 -S 

»JW*fT9 c fcT% pmd raogftarifiafcit-r 
*»S<o^ft*iea (S^o^ifA^i6i) A^is-r5<fc3tc 

jSdtOPMDtr:^ 1 3 BO^r.*aig[Jfc«ftfl«ItcaS? 
L T 7 -i* - F / n -y ^ 3iiJ?W«r ? t o 1 1 ^ T fl a U X*A «r3ffj 

amass i 4iz)m%.t]s< ct^T-ss, 

[0 0 6 6] ±a5LfcJ;3fcm l H66fgffiOPMD*i« 
gSl AtCj:mf, 2O0PMDtZ? 1 3 A, 13B 

*5tt5 P M I3«^fbtciEfiSlCji^Lfc7-f — K^-y 
^ItSCt^TtS. SPMDt-^ 1 3 A, 

1 3 BT-mm-r zmmmt fzjaa-oajeu:, se*<o 

fST^Sfc46, 2 0(DPMD*-^T'tJ£l>MtRsrftl®5 
i?:Mt5Ci:tfT*t-5„ CtlfcJ:»J. 4 0Gb/s 

[oo6 7] ^tc 1 %m)YM<D^\mz^xm.m 

[0 0 6 8] H5{C*3^T, *PMDM«^I 1 Bt±, 
±2ELfc:in l *^J56ff^^g^OPMDMf^^i. v . , l wmtiLKi 
^T, .WisjSSi 4tctfI^-r5fi»fl|«rfKifi»]SPiSl5l 0*5 
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/ 4 iSSfci i o a ts &zf l / 2 »£M1£ l o b fcMffli-r * 

n?winis& i o c *wz.rd\>m®m!% i o* *,«tt5 1# 

HTgPMDM«»l I' fciStf. PMDt^?13A, 

1 3B*»&m;fr£fts&»js«wi@^ maAwam i 

0' «D»JWI§I«Sl Oc*jJ:tfHrSPMD»««Bl 1* <D 

n©fl!i<o8Mte>«js*5 j: tf * p m onm^m i b A^ra 

[0069] ±£© «t 3 ftlRAO P M Dffiflt&B 1 B T 
«. PMDt-*!3A, 1 3 BtfDS^— ^SigpgrffiV 
ft7-f-K/W> Mtttf, (I igf&JSPgB 10' i tfpIS 
PMDM^gBl 1' (D&$m!e}$& 1 0 c*5«j:t>*l I di: 

c i i d (ommmmt, ±i&Lrc&mm&t&<Dmm 

;W*ffmSiJ©#&£&3lg^7*-£A^ fl»[IM«lffi 
1 0 1 <D®IWmS& 1 0 c It 1 / 4 ?&g*g 1 0 a fc^tf 1 

/2&M«1 0 b?)&fliifti:&tK BTgPMDttfRaBl 20 
r coSfJfflilHigS 1 1 dtiftiMitOftSiMA rcOfit 

iiH i: * * &tm% -5 tzif T$>Z>o 
[0 0 7 0] c<o«fc3{c, ffiHftMMtti 0* feoffors 

pmd mm® 1 1 ' ft<w»Eis**n-rtifli a set 

T», SB 1 ^MJBfflKOJS^Ctt^T, m&lfffittMfMV 1 
0' *fcliRH£PMDMfBJI5i 1' <D5g| J £>7'>y:/?"l' 

[0071] s 1 m.m > M<om<Dmam\c-o^x 
mwt&c men, m\-Mi&Bi8M>m<o&mmicfrfrz 

[0 0 7 2] 06fCt5<^T. *PMD?f<aSB 1 Cit. 

^fasMaiffi 1 o 1 (omvmm 1 0 cic^LTinen, 

ttffi^ifegtOfit^iKDPMD*-? 1 3 BA>6£>&ffi?£ 
SfI^«D^tfpJgPMm!{ttgf5l 1' (O^JSllHllSl 1 d 

cD&#<Oti5fiitt> itf*PMD MitmU 1 B AW £ ft 3 

[0 0 7 3] ±G«J:3ttNIA4>PMDMftSBi CTJ 
l±, PMD*z:£ 1 3 Ac0jgj£${f if&fttD^-ffam 

fcfflvt, 1/4KSK1 0 afc«trji/2)g5«i 0 
bcDg-fitB# t :7-t'- K/S-y ^WWStl, PMDt-? 1 

1 1 bWciiSM A r cA^-f -F/W?3itJSP£ft£ «fc 

[0 0 7 4] C05«fc?lC, fc&mifiilfc&Oi^fiiSltD*.^* 
3S^*ffl^T««8M»ffi 1 0' *ffl»U ttUISttScCi 
fitMMO^-faftfcffl^TBrgPMDttflHBl 1' * so 
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WWtSCiCioT, J:0»MtuJC?SF-r*PMD«« 
A^flgfca&So flBttMWffii 0' iZ'gj&Zti 

ZfcWMmt. tiJ^PMDMifftfWl 1' 'NOAStJfc®** 
&t>H±«rief)a{ctf 3 £48#c&« fc*6, nJIE PMD *lftg|S 
1 1' KKiRSftS^iifiKl±'«TiS<a.5t><E>i:# 
*.£ft<5 0 C<D7c46, K^'y»WWOiR3fttt**J: 

0 1 3r!fiWrftt±\ (I?S»Ji3SgC 1 0 ' OlS&iiJS^ W 
£c£&<S^^-**©S{|;-r£ctA<Tt£<D 

[0 0 7 5] XIC. *m\lC <fc 5 P M D fttfftl£BOj|§ 2 

DSigiwi 2 &mj&&zm"7u y ?aTS5c 

[0 0 7 6] H7£fc^T» *PMD«ISai2 A«\ 
}£3HI« A^<E&KL*fl-LT£e>ftT 

<%&mmm\i a/s) ofi^ (fwx.t£. 40Gb 

/sONRZi93tfl:^) AW^A^^ft-S^S^^ 
ftfcPMDtffltR^-y h 2 0i~2 Out, NgO PMD 
M«rL- -y I- 2 0 . ~ 2 0 1 ^riffiia LTftSS® O R {CJS 
P.ft-SfR^fO-CfP^^AS-rs^^y^ 2 3 At, 
^7"7 2 3 A<0*flftJfc*S6K:2#tt-r5#*77 2 
3Bt, ^^7 2 3 B<0-;ScO#ll<$ftA>6^)l£&f 1 
)ig^tttULT^<D5i5®^^tH-rSPMD*r:?2 4 A 

PMDt-*24A. 2 4 B T'^tB^ftfcg-*- 
£JBV">T, g-^coPMD?ffifa3.--y h 2 0i~2 0«^r^ 

^_ K/ N» y ^aiij{»-r^35ijjai|p|gs2 5 A^^eic^ft 

CC-eii, ±,1B07 1 c*^2 3 A, 2 3B^ Si 

^mmmicmfzKJ]-?^ 1 2 a. 1 2 b tiMj^T-s 

^fc, PMD^-£2 4A. 2 4BA^|glHSg^ 
ltC*tt5PMD^?l 3A, 1 3Bt^T-*5, 
[0 0 7 7] ^PMDMlaZ'y h2 0i~2 0s!i, fl 

?s^iaia5 2 1 te&xsm-gMmtk^z 2^^-ft^*ftwr 

5„ fl?gf&Ji»g|5 2 1 It, \k^L<Dm^M^=F 2 2^ 

jtlf, 1 /4j^Stg (A/4«) 2 1 afc«fcZ>"l/2iS 
5« (A/2ffi) 2 1 b^r^-TSo l/4i^S1S2 1 a 
feitf 1/2KE1S2 1 bti, H^L^l^A^Ti'^^i 

-z*zn?nmx.T}oK>, m®\«\&2 sA^iM^fts 

^„ S^JgjyEsR^2 2li. M*.t±\ fgjfifii»7r-f/^ 
(PMF) H^ffl^T, fi3»]W2 lA>6ttl^?ft-5 

-e£3 0 CCTli, ^PMD?ififa3L--y h 2 0.-2 0* 
T^^ft^S^cDftjliSfii^rA rci ~A tcn t-T-So 
[0 0 7 8] HilJjapHSg 2 5«, &PM 2 4 A. 

2 4 BA^<Dt^^'jS/^J,tcJV>T, PMDMla-7 
h 2 OsA^ttlyl^ftSfMimwPMDMt^JlfL, P 
MD««g*<aJii:fl:SJ:-3K. SPMDiIa^7h 
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2 0i~2 Qs&7-<—l'''\-y?fflffl-?Zc 

[0079] ^tc. 

08(i, ±ie(DJ:3^«lfi)t<OPMDM(l^[a2 A^r 
ffl^TPMDffi«*fTofc*§£-fc:43tt5, PMDIiiA r 

[0 0 8 0] S8(C^-rct-9lC, 0fljU£, fcj&g&Btf 
4 OG b/s®NR Zfl^fC^LT, PMDfCfcSff 

<OPMI)if;rjJ±&Il 0 p s t&Za tCX% *PMD?f 
Wimn ZAttt SPMD Mifijn.— -yh20i~20*(0 10 
Vi)fcMi£M¥2 2lCS5l,fZ>mmmh tci — A res*, 

w*«2 op stSK^ti^etiaarrso fit, sjffinn 

SS25tCj;^T, PMDtr?24A. 2 4BO^? 
^J^a^c^Sioic, SHJSiiffifcF 2 2 OMSK 

saof l fcfijgsiaigB 2 i ±a?co@ 3 T'StW l 
mate ge t 7 *< - k m -v * amp? n ^ „ 

[0 0 81] fa^^PMDMA tt#, 

0'iJx{±'2 0 p s. 40ps, •-. 2 0xNpst^:iit 
H8 0«t«IT#K:i*(B*-e-T^LfcJ:3 4. P M D 
fjlifftOL - >y r- 2 0 s ~ 2 0 r fC felt 5 TtSififi^m^^-t? 20 
HtUrci. Area. -, A t cs ) ^1?<15 J; b 
ICs ^PMDM«l-7 r- 2 0.-2 0s<DfliSSJ®lgi5 2 

1 SrfWPf 3C£T\ *(li<B?£<0 PMDS^C t5Ct 
A s «r^ i: * D , P MD)IIlO/W-^t;l/f f tf^c 
B8tci±, G^LT-^-r«PMDi2A 
TTCOfi^riEtU ^tl^^-rSTtSSMA tci -A 

[0 0 8 2] (5>Utf, M^PMDiA n= 2 0 p 

s*WHW«ii^**A*i:» 1 8B<0PMntflRa.=. 30 

•v h 2 0 1 ©Bje&iiE*? 2 z\c\ti-£nz,mmt<D{u 

n, ffi(DPMDMi«^.^<y r- 2 0a~2 OsCOS-llSig^ 
£?2 2U:A^£n3fI^)r:^{B&?3f^ H^SffiSfS 
?2 2T*®^i£ffitf«fc&S#|Sjl;:-ft-rs«fc3fc:» 
&*<DfJii£«Jj1»fiB2 UCtoTSJW^n-SCtT, %il 
&U\<OMfr&t)i£ (A re. , A TC2 . -, 4ih) = 

(-2 0, 0, •-, 0) #*JSS!Sft5 = 

[0 0 8 3] ±fHO«fc ? JfcSJEffOoW^ ftil&iatf 2 40 
0 p s<DH5gili£i?IT2 2*NS»tt-r*ci:-e» MR 
nJ^PMDSA TTt LTtt, 20psxN+10p 

DlilA tt= 1 5 0 p s*PMDti«SIB2 ATJfflW- 
^/i46tC(i, 7gcDPMDffi«^L--y b*m^tll£ «fc<^ 

lit^A r** fc-T-Si:, ytM&R 2 A r M ©PS&iSisyK 
? 2 2 % N S&M-r 5Ctt% PMD tO*fifft5Ifil5iei«<D 

±ffij&< (2N+1) A T max fc**. 

[0 0 8 4] His. C C T?tt. H^iiiiElg^ 2 2 cDftig so 
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USSrafg P M D«© 2 {glcifgsrr 5 «fc ? lz Lfzt\ * 

tC, gaiS^LCOPMDttA TT^PMDtfUn.- -y h 2 
0i~2 0»«ffi**t>H*tuJ:oT% J: 3 £1S«S*i*iS 
a" (A TT=20ps, 4 0 p s . •-. 2 0 x N p s ) 

LOPMDBA ritfftie.Offlfrc.iSTlTl$5 fc. 

?&lfS"C'&, PMDtC«t5ffg^^-^-< (GHAUT 1 

tt, &©<QPMDMtR:x-'y h 2 0. ~2 OufCfcttSM 

[0 0 8 5] COJ:3k:S23!«JB!»©PMDSI«agfc 
i+lif, (f%$iJ0ffi2 1 fc«fctflSS£iii£j|t^2 2A>e>^: 
SPMDWiffU-'V h^S^U PMD*^*2 4 
A. 2 4 BO^^^^^SAi:^:5J:3{C, SPMD 

2 A IC m&t % C t #T' # -s t V *3 f<J^ t s o 
[0 0 8 6] ^fc, SB2flttlB»OSg»«fc:o^>TttiB 

[0 0 8 7] l«l9tCfcl^T. *PMDMRSB2Bli > 
±Jfi L fzm 2 *MfiJBffiO PMD M(RS@ 2 A <D«lfi)cKO 
^T. ^0182 5tCfflS-rS«fii*&PMDJit{aa^ 
•y h 2 0i~2 OxlCftm-£-&rc$,<DT'&% z A^tC 
t±» 1/4 i&S1fi 2 1 a 33 <fctf 1 / 2 jgSS 2 1 b**J 
ai1-5ftiiJffll[S]SS2 5" *^PMDMIiZ7h2 0i~ 
2 OiilC^ttetU PMDt^?24A, 2 4B^e.ffl 

**n4&i»iiE«ias^3bv ^©pmdw^^f 
2 oi~2 o«<d.wihi«S2 5' {c^-n^ns^n^i^ 
tc-r 5 . ±,iew^«teogi5«-o^BSt*5 mpMD mm. 
ai2 B^iSffl^n-STTjes^x^A^igfiScfi. ^2* 

[0 0 8 8] ±E©«fe-5*«J«<OPMD»«»B2 Bt 
(±, PMDt^?24A, 2 4 B<D#^-^5*S*fflV> 
fc7-f-K/Sv^»JW*< % PMDfflRrL-.y h 2 0i~ 

2 0x<Dft3jiji»iHi^2 5' icto^ti^n^nsi^ 
m 2 ^fife^ffio.ii'JtsiHiK 2 5 mmm^nm^mmm. 

— ^-ft^ftCO^-.y hrttCS.?. I /4i6fi«t2 1 
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[0 0 8 9] CCD&olC. gPMDMIar7h2 0i 
~ 2 0 s A^TriJ jaS(H]gS 2 5 ' * ttt^ ttflt*. 5 «t 3 fC L fc 

PMD Mift^-- v h 2 0 > ~ 2 0 ( OJ^T -y L- 

CO 0 9 0] Xlz, PMDH«3SB©aS 3 

y/*?* urn* ft r> x o ic l tzm&*mm ttc m 3 * 

fiSJBHT'Ci, P M DOWCRnrfllttH** 
Wi»ft*±tfT'FStS**»E<^-«A\ SL<tt, PM 

[00911 H10U, ^B^CiSPMDfcfff^ffO 

T> *PM DUStft&ifl 3 <D|,MA^±ai LfclB 1 *«Sfl?<i 
<D P M D ffiftgiS 1 A Otitjft t Sft SjStt . HSdS f 3 

ft^T^ I 2 iti3-f=7 1 2 AO 

ftts&yt%: 3 LT& P M D t — £ 1 3 A , 1 3 B, 1 

3 ctc^-n^nss^^y^ 1 2 b' srsu-fc-refe 

§ o ±mm<Di&<D PMD fcifftg.Ti 3 ©WtfiSfc «t jgi P 
MDM«g©3*/H^fc«£iS^X^A©«JdtU;S6l* 30 

[0092] PMDtx^l 3Cti, ±j£<0ia 2 fCi^L 
/cPMD?-?13A, 1 3 BO*gfi!ci:|BI«{^ 

(PD) 13a, (BPF) 13b 

tSAffaUtflMHSl 3 cfre>&3<, PMDtz^l3C 
<D B P F 1 3 b It, *&ffl&mtf f 3 « f 2 < f 1 ) <D 

mmm^n-o $><ot? s „ c<dpmd^i*i 3ct-^ 

l±J^tlfc^:3:^^[ttt±, ffiOPMD^:-* 1 3 A. 13 
B(0&*:-$&tfttPilCmfflM&l 4' iCfiK^tlT, 

[0 0 9 3] CCT\ SOOPMD^^ffl^fcPM 

Hi. PMDt-^30tcWtCi:(a5PMDti 

L. *S£Wlf±. SPMDt^? 1 3A~1 3CT-1ttb?n 

■siaiKari-r3rt#«)»iiE £«lt^ 
§„ PMDt-? 1 3 cn^^^^m^skWicm 

CCT'ti, PMDt-?l 3A-1 3CT'fn?naffl so 
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2tl3&JSiftSf i-Tali. SgPMDifciO'PMD 

[0 0 9 4] m 1 I iCjpfi^jrSOWPMD^-^ 1 
3A-1 3C5fflt>fcPMDMitii, PMDt 
1 3 C<Z>*-*3&|£ (d^f3fi)c7» %fflV*7 
•<-KM7 7 »J» A'S^cffilRjRWH LT PMD 
«*«T2WT»C*ofe«fC, PMDtz? l 3 B cD-t— 

{C^J0^X.E.n^o ^ LT, PMDtr? l 3 BIC^S 
7-C — ^aiil^lfJMft'lHmiieilHrttC^ LT P M 
Dfttf TiUCFKfcofdfel^ PMD€-?I 3AO*: 

SSlcgjOlf PMDftA rTtffF^PMDMJ-XT 

T(£, PMlD^*£3&f£tJ:te j £L*:Ci:{c«J:-3T. 
PMD<Dffi«nIflEIEHO±ffi*^ 2£#cOt£<DT2fr 

6T3fc*«Kcffi*3tt*ci:f«:** 0 
[0 0 9 5] CCT\ ±3BOJ:34PMDro*iBfaBrflHe 
H©6fc*:»«*jefiW»cSiWiLT*i<. -date, pmd 

•*\ Hi H^LfcJ;5i1$ttilliiaK (fe) ti. Jt» 
SC»ttJt y * 0 . 5t Lfc**, ^£0(1) iKT-S-f C 

[0 0 9 6] 

K ( f *) = 1 - 4 y (1-y) sin 2 Uf-iit) 
= (1+cos (2/r fcA it) I /2 - (1) 
PMD^*«&to^l#^&&fc,i£fc!-* 0e^*3fc£ 
OIAI) OA I»» StPMDKAr^ fc-Ti. 
t. PMDt-^ 1 3 AtC^iSL/c^ttttlS (fe = 
fi) {CMLT, X<D£5tm&tfl$.K>iL-OCtlzrj: 

So 

[0 0 9 7] 

{1+cos (2jrfiAr«u<)}/2=l— AI 
fi = cos-' (l-2AI)/2^Ar«x 
.-. T 1 = 1 / ( 2 f 1 ) = n A r «x / c o s *' (1-2 
A I) 

Sfc, cntlnJWIlCLTfllitOPMDt-^fCOl/^Tt^ 

[0 0 9 8] Tz = « Ti/c o s" 1 (1-2AI) 
T 3 = n Ti/v os" 1 ( 1 - 2 A I ) 
±aEOfflff** n ^^(D I J M D ^t- 9 IC S TffiSS LT— 9$ 

[0 0 9 9] 

T.= (j/cos- 1 (1-241)1 »-AriB 

C <D «t 3 lc*JgnJ3tc <t5PMD OWifftoIfigilCI'flli:, P M 

d =e=. ? (DifMmcfc cunsiwicffi^t 5 c t # 

M^ti\ Ar.u=fl. 2T (Tlil ^-(LT, 
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D7F) , A 1=0. PMDOffil^nJnglffi 
M<D±mmit, Ti = 0. 9 8T. T 2 =4. 8 T, T 3 
= 2 3T. -, Tn=4. 8 8 X0. 2 T&ifiC&& = 
CO 1 0 0] iEOJ^KLT, 
*ifft»B3T*«U 3 0(DPMDt^££:ffl^fcPMDtf 
WfiO^-^-hV^y^WWA^iBBfill 4' iCioTJl 
frStlSo ft*>\ 1 /4?fcRt5 1 0 a v l/2i6Ml 
0 b *iJ;tf3ttS&3g l l b tctfrSMfl@B 1 4 ■ OS 

JHiK&E- K « «t t» 5 >y +■ > ^ K lc it 3 * nf w 

n©7;i/ u x*a t isms? r-fe § tc &m.m* wt s . 

[0 10 1] C©«fc3te£3*Wra<8©PMD«««B 
3lC±tll±\ SOCDPMD^--* 1 3 A~ 1 3 B^rfflf 

sett, PMDcDwmaimmmitzzictiuttzct 

[oi 02] ±mnm3mmmmT'it. m^m 
o*fctt*nfiUL<oPMDt^**iefti-rsc:4:*«BriR! 

T*&£><> 

[0 1 0 3] *fc, ±2LfcS 1 ~£3*MHBJEVeU\ 
SPMD ; 6-^^yKMX7^W (BPF) 

RWLfc*, *5§B^{±cntC|©G-r, MX.& B P F IC 30 
(UTD-/U7^1/? (LPF) fcffiJILTtttHLfc 

PMDHHR^SS-rSCtJb'pIiig-PfeS^ 2 6f£, BP 
Fi:LPF*flfffit8ci:fe#A6ft*. ffllittf. Mm 
SEl<DPMD^?J:LtBPFi£fflV\ fgJSi£M«0P 
MD^t LTI. P F£fflV>Tfc<fc</\, cn», d*§ 40 

U*- 2 %tm<D<£HE<t*m « C £ #1? # 5 1 ^ 3 

[0 1 0 4] (ME 1 ) giSBKDlgjffi^— KiHUHc J: 5 
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ttiB -r s isea6)c#«ifflx £a &a 
* j e-n* f n«tti'rs3Sjs«itBXT L -y^fc. x 

fc, MEfllfc*:- K»»»«X-r-y -/IC«}tt« 

[0105] (Mae 2 ) M3Sffi WM9PX t- <y 7 t±, ffi 

KSMIMlf fl»© 7 w - K/ vy * iWWfcffl (,-> S f#SH 
ME 2 CEiOlBftt- K»«ffl flWTffi. 

[0106] (ME 3 ) sassofliis*— H»»tc <fc s 
* - k iMft««^ a 6 a £ 2 n s a k *> it 5 

l; T ^ 5 MTvfifilX^ffiia F*3 lc ^: § J; 5 tc. iwSefH^* 
- K^fftMfft¥Slcteit^fIffi*- K»WlBa*7^ 

[0 10 7] (f#JE4) MS*S«iRMffli¥S{i, fflWW 

be ic * -3 tc'fg ic , tmmc mm fomo&fem mufcft 
<D&mtfmzwz{&&wfcmfa t * « i 3 ic s&isiijfe 

[01 0 8] (Mia 5) iwE«f^ji«a«»tttti^s 

It, WIH1f«««ftiaiJ-^**JSLfeiiffl*^JSai[ft*«F 
O^VK/^XT'-i'^^^rWL, gg^>F/^X7-f';l/^^ 

ffl^T^^it^ji^a^otttti^fT^ c tttmmt? 
[0109] (me 6) ^lawsMsa/a^tttu^s 

^T^^si^jgaEic^ottffl^ff ? c t*i#«fc-r s 

ME 3 icIOffiOfiifee- K»HBS«ft«!= 
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[0 110] (tt,7H7) iWiEftttS*- K&flkftNR^a 
Ci, HUrEfn ^tco^r, 2 ooffiaifc*— K'Nco^'Jiig 
0»ttJt*j*«-r*fi»t*JWWfc, 2o<D{I$re- KRS 

[0 1 1 1] (ttfE8) M8E«»t- F»tt»«#a 

ttfru Nieiiflistiimp^sa. aaffiBrg7&ii§*^ 

©flMfrE- KftftMfltStin. 
[0112] (f*E9) meflitt*- K*Mfttt 

M£4f WitWIP^SU:. iffiiE&filiS^- Y9t%&m?-- a 
•y hotefi«ofiUK«f ti?n7^-hv«'y^imMrr« 
c £ **f» k -T 5 tt32 7 (c e*o«ift*- KflflttSKS 

o 

[0113] (ttaai o) f»rie3{c8E«<of»^-K^ 

[0 114] 

tr% m%K<D p m d jaogftKESKciaiaLfc? * - 
mmc m. o t eas-r § c k itwmc % & . 

[0ffi<DlW£,^B,fl] 

[0 1 ] *fgBJ?<0?8 I ^iiJKJgOWia^^-rrn -y *0 40 
[13 2] ^B^fflt^tl^PMD^^OWfigfM^ 

[0 3] *«wfc«t* p m Dffite(om*wmit®.w-rz 

[a 4 ] *?gwcD2n i ■Mmmic&iiz pmd ii^c*f-f 
[0 5 ] *mn<Dm \ -MmmmMmm^Tnir^a >y * 

0T-&-5.O so 
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[06] *«w3©8s i &titfemnm<D&Bm*jat7B 

•y ^0T*S o 

[0 7 ] *5MJ©2B 2 'JilSfe^fico^fiX^^-rya -y *0 

[0 8 ] ra±m 2 nsfijBteoiafisfcMw* sigT?&* 0 
[09] *mn<Dm2nMBm<o$t&m*7n-?7z3v * 

[010] *?SBfl<0?g3Sfitilf5?g<D«|{S^^-r7a-y^ 

[011] **»BK«t*PMD»«©S*I[a«:«Wr 
§fc46tD0T'feoT> SOtOPMD^e— ^^fflV>fclg^- 
C3t)S-r50T'fe5o 

[012] &#<o pmd M«a«»co^TM«5reaeia 

[0 13] ^i&cDPMD^^ffl^fcfi^OPMDfci 

[014] PMDict^fEis^Stftj^ft^aij^-rs/c* 

[01 5] 0 1 4«Hlfll0Rfc43b'T, ftiSJS^A tt?t 

[0i 6] 01 scom&icteitz&mxifcBiDmtttm 

[0 1 7] fctt©PMDM««WKffll/''5hSPMD* 

[0 1 8] 0 1 7cDPMDtr:^|^i&ffll,->T^L/fc2 
0 G H z f$.ft&&<Db t Tte#tt%fstitfe5 0 
[0 1 9] 0 1 7<DPMD;e^2&£fflV>Ti»J/£Lfc2 

0 G H z fi!t»']aii£tD y tefi--14*^-r0T'fci.„ 
[020] PMD ftlfft&fff* 4 0 G b / s 

->x -r a ic mm l k 1 (Dmm^m-t m-e$> % B 

[02 1] 02 OO^Sfc^ffl^TS^LfcftiiffiMA 

[022] 02 o(omm&zm^Tmj£i,rc%wi£mb 

1 A, IB, 1 C. 2 A, 2B, 3 PMDilgl 

10, io'. 21 {ia^jaj^ 

10a, 2 1a 

10 b, 21b 1/2 i&Mlg 

11, II' nrgPMDttflM* 

11a, 11c fHi&tf— i»X7U -y ^ (PBS) 
l 1 b )ft!i£§g 

12A, 12 B. 12B - . 12C, 23A. 23B 
7t^7v 

13A. 13B, 13C. 24A, 24B PMDt 

14, 10c, lid, 2 5, 25' .Ti<J$]|SJ% 
20i~20n, 20i' ~20s' PMDffifRaLX-y 
h 
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i x sl 
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±2\ j l/z — 
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20, Hi 5 ~20,liJ:* 
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(0,0.-. 0) (-20.0,„.0) (-20.-20.-..0) 
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20XN 
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[0 1 4] 
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OS 
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40Gb/s 
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CH 1 6] 



[0 17] 
mmtam 



A t T =0pj 



At t =10.2j» 




A t t = 16 Aim 




A r T - 23.4 p« 

<*¥*:10 pi/dnrJ 



OS 
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40Gb/s 
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PMEFe^^ 300 



J ! mi ZOGHx 



[0 18] 
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[02 0] 



3>tafa« os 
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40Gbit/i 
MUX 



20 Cbtt/s 
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10 Gbh/i 
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ffttMM 
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[02 1] [0 2 2] 




A t T = 23.4 ps 



